1. Introduction {#sec1-ijerph-17-02838}
===============

Mental health problems constitute a high proportion (16%) of global disease and injury burden among adolescents \[[@B1-ijerph-17-02838]\]. In South Korea, such problems are projected to become the third leading disease group of disability-adjusted life years among adolescents by 2030 \[[@B2-ijerph-17-02838]\]. Psychological problems in this country tend to begin during adolescence (≥14 years) \[[@B1-ijerph-17-02838]\] and are diagnosed at a young age (≤25 years) \[[@B3-ijerph-17-02838]\]. In 2016, 42.4% of adolescents experienced high stress, with suicide being the greatest cause of mortality \[[@B4-ijerph-17-02838]\]. Given that suicidal ideation could be an early contributing factor of suicide attempts \[[@B5-ijerph-17-02838]\], an urgent investigation is needed to cope with the spread of suicidal ideation and stress.

Factors linked to suicidal ideation and stress in adolescents are well established at the intrapersonal, interpersonal, and community levels. For example, being male, having good physical health \[[@B6-ijerph-17-02838]\], social support \[[@B7-ijerph-17-02838]\], low body mass index \[[@B8-ijerph-17-02838]\], and living in rural areas \[[@B9-ijerph-17-02838]\] are associated with decreased suicidal ideation. Social support from family and high academic achievement are associated with less stress \[[@B10-ijerph-17-02838]\], while subjective health \[[@B11-ijerph-17-02838]\] and high body weight \[[@B12-ijerph-17-02838]\] are linked to high stress. Importantly, increased physical activity is correlated with low suicidal ideation \[[@B13-ijerph-17-02838]\] and stress \[[@B14-ijerph-17-02838],[@B15-ijerph-17-02838]\]. Despite the possible benefits, many high school students are less likely to participate in physical activity outside of school (vigorous physical activity = 27.26 min/week, moderate physical activity = 36.99 min/week) \[[@B16-ijerph-17-02838]\]. However, when adolescents participated in high levels of physical education at school, they also exhibited elevated physical activity outside of school \[[@B17-ijerph-17-02838]\]. This link implies the need to verify the potential role of physical education on adolescent mental health.

A number of beneficial associations between physical education and mental health have been reported \[[@B18-ijerph-17-02838]\]. For example, students who engaged in frequent physical education also had high academic achievement \[[@B19-ijerph-17-02838]\]. In addition, increased participation in physical education is associated with a lower likelihood of obesity and cardiovascular risk among adolescents \[[@B20-ijerph-17-02838]\]. Likewise, when adolescents have good experiences with their physical education, they may accumulate a positive attitude towards physical activity generally \[[@B21-ijerph-17-02838]\]. Positive interactions with teachers could also affect health-related quality of life \[[@B22-ijerph-17-02838]\]. Therefore, these classes are potentially an important setting to promote values (e.g., active lifestyles) that discourage suicidal ideation and stress. However, as far as we are aware, little is known regarding the role of physical education in influencing suicidal ideation and stress among adolescents.

Available research on physical education has largely focused on improvements to leisure-time physical activity and physical health \[[@B23-ijerph-17-02838],[@B24-ijerph-17-02838],[@B25-ijerph-17-02838]\]. Although a study found no associations between physical education and suicidal behaviors in middle school students \[[@B26-ijerph-17-02838]\], high educational pressure forces adolescents to spend about 15 h a day on studying, including school, homework, and private tutoring (cram schools) \[[@B27-ijerph-17-02838]\]. This heavy workload may lead to elevated stress levels. Despite the compulsory nature of physical education in South Korea \[[@B28-ijerph-17-02838]\], approximately 75% of high schools failed to implement national curriculum guidelines for physical education (150 min/week) \[[@B29-ijerph-17-02838]\], instead replacing that time with self-guided study to prepare for university admission exams \[[@B28-ijerph-17-02838]\]. Promoting awareness of physical activity's potential ameliorating effects is one strategy to proactively cope with mental health problems in adolescents. The aim of this research was to verify whether participating in physical education influences suicidal ideation and stress in high school students from South Korea. Because physical activity participation has a clear gender difference \[[@B16-ijerph-17-02838]\], we examined male and female students separately.

2. Materials and Methods {#sec2-ijerph-17-02838}
========================

2.1. Participants and Procedures {#sec2dot1-ijerph-17-02838}
--------------------------------

In total, 65,528 participants were included in the Twelfth Korea Youth Risk Behaviour Web-Based Survey 2016 (KYRBS; [Figure 1](#ijerph-17-02838-f001){ref-type="fig"}). Only high school students were included in the current analysis. Participants with missing data on body mass index (BMI), academic achievement, and school type were excluded to yield a final sample size of 28,451.

The current cross-sectional study was conducted from October 2019 to February 2020 using the secondary data obtained from KYRBS \[[@B30-ijerph-17-02838]\] after ethics approval by the University's Institutional Review Board (IRB No. KHSIRB-19-354 (EA)). KYRBS, which is an internet-based and self-administered national survey, was set up to monitor school health and has been managed by South Korea's Centers for Disease and Prevention (CDC) since 2005. KYRBS uses a multi-stage cluster sampling design to collect data on health-risk behaviors in South Korean adolescents, including smoking status, alcohol, obesity, diet, and physical activity \[[@B31-ijerph-17-02838]\]. During the data collection of KYRBS, students did not provide any personal identifiers such as names, phone numbers, or living address. Participating students were all volunteers across 400 middle and high schools, representing 17 administrative areas. Students took the survey in their school's computer room under teacher supervision and their anonymity was ensured. They provided consent before the survey was initiated \[[@B32-ijerph-17-02838]\]. Detailed procedures are published elsewhere \[[@B31-ijerph-17-02838]\].

2.2. Variables {#sec2dot2-ijerph-17-02838}
--------------

### 2.2.1. Subjective Health {#sec2dot2dot1-ijerph-17-02838}

Subjective health is an individual's own perception of overall or physical health status \[[@B33-ijerph-17-02838]\]. Subjective health was assessed with a one-item scale ("How would you rate your health in general?") on a five-point Likert scale ("very unhealthy" = 1 to "very healthy" = 5) \[[@B34-ijerph-17-02838]\]. High scores indicate high subjective health.

### 2.2.2. Social Support {#sec2dot2dot2-ijerph-17-02838}

Social support is the emotional or tangible support from interpersonal relationships; evidence suggests it modulates physical and mental health \[[@B35-ijerph-17-02838]\]. Social support was assessed with a one-item scale ("Can you talk about your concerns with people (i.e., father, mother, brothers, sisters, friends, teachers, and others)?"). Answers were dichotomized (no = 0 and yes = 1) \[[@B36-ijerph-17-02838]\].

### 2.2.3. Body Mass Index {#sec2dot2dot3-ijerph-17-02838}

To calculate BMI (kg/m^2^), weight (kg) is divided by the square of height (m). This index is a rough measure of body fat and is widely used to categorize individuals as normal weight, overweight, or obese \[[@B37-ijerph-17-02838]\]. BMI was estimated via self-reported height and weight.

### 2.2.4. Academic Achievement {#sec2dot2dot4-ijerph-17-02838}

Academic achievement, or how well a student performs in school, affects socio-economic status, accessibility of medical care, and occupational choices \[[@B38-ijerph-17-02838]\]. As students are aware of these long-term outcomes, scholastic performance may influence their mental health. Academic achievement was assessed with one item ("How was your grade point average in the last 12 months?") and recorded on a five-point Likert scale (low = 1, mid-low = 2, mid = 3, mid-high = 4, high = 5) \[[@B39-ijerph-17-02838]\]. The scale was converted into a three-level variable (low/mid-low = 1, mid = 2, mid-high, high = 3) \[[@B40-ijerph-17-02838]\]. High scores indicate high academic achievement.

### 2.2.5. Participation in Physical Education {#sec2dot2dot5-ijerph-17-02838}

Physical education is the planned instruction of exercises and other physical activity during school hours \[[@B41-ijerph-17-02838]\]. Physical education participation was measured using one item ("In an average week when you are in school, on how many days do you exercise in physical education classes?") on a four-point Likert scale (0, 1, 2, ≥3 times/week) \[[@B23-ijerph-17-02838]\]. The scale was converted into a three-level variable (0, 1, ≥2 times/week).

### 2.2.6. Residential Area {#sec2dot2dot6-ijerph-17-02838}

Participant living environment was categorized into rural = 0 and urban = 1. Rural areas included countries and urban areas included metropolitan cities.

### 2.2.7. Suicidal Ideation {#sec2dot2dot7-ijerph-17-02838}

Suicidal ideation is "thinking about, considering, or planning suicide" \[[@B42-ijerph-17-02838]\] and was assessed using one item ("During the past 12 months, did you ever seriously think about committing suicide?") \[[@B27-ijerph-17-02838]\]. The answer was recorded as "no" = 0 or "yes" = 1.

### 2.2.8. Stress {#sec2dot2dot8-ijerph-17-02838}

Stress is the anxiety, discomfort, and emotional tension that occurs after perceiving a threat or other difficult situation \[[@B43-ijerph-17-02838]\]. Stress was measured with one item ("How often do you feel stress in your typical daily life?") on a five-point Likert scale ("not at all" = 1, "not so much" = 2, "a little bit" = 3, "frequently" = 4," very frequently" = 5) \[[@B39-ijerph-17-02838]\]. The answer was categorized as "not stressed = 0 (1, 2, 3)" or "stressed = 1 (4, 5)" \[[@B43-ijerph-17-02838]\].

### 2.2.9. Demographics {#sec2dot2dot9-ijerph-17-02838}

A range of demographic information was collected, including age and perceived household economic status. The latter was assessed using one item ("How do you perceive your household economic status?") on a five-point Likert scale (low = 1 to high = 5) \[[@B43-ijerph-17-02838]\]. The answer was transformed into three categories (low = 1, medium = 2, high = 3). Higher scores indicate better economic status. In KYRBS, high schools were categorized into academic and vocational \[[@B44-ijerph-17-02838]\]; this was coded in the current analysis as ("general high school" = 0 vs. "vocational high school" = 1. The former's primary purpose is to improve academic performance; these include general, autonomous, science, foreign language, art, sport, and international high schools. The latter aims to provide field experience and includes agriculture/life industry, engineering, commercial information, fishery, and business high schools. School year (years 1, 2, and 3) were also measured.

2.3. Statistical Analysis {#sec2dot3-ijerph-17-02838}
-------------------------

Descriptive statistics were performed to examine participant characteristics. Multiple logistic regressions were performed to investigate the associations of predictors with suicidal ideation, happiness, and stress. Regression models were conducted in two steps: (1) with no adjustment and (2) adjusting for school type and school year. Analyses were conducted in SPSS version 23 (SPSS Inc., Armonk, NY, USA) and statistical significance was set at *p* = 0.05.

3. Results {#sec3-ijerph-17-02838}
==========

3.1. Participant Characteristics {#sec3dot1-ijerph-17-02838}
--------------------------------

The final analysis included 28,451 students (male = 14,263, mean age = 16.41; female = 14,188, mean age = 16.42) ([Table 1](#ijerph-17-02838-t001){ref-type="table"}). On average, male students had slightly higher subjective health and BMI than female students. Female students reported a higher proportion of social support than male students. Overall, more students had social support than not. Most students resided in urban settings and attended general high schools instead of vocational high schools. Most also perceived their household economic status to be in the middle.

3.2. Predictors of Suicidal Ideation {#sec3dot2-ijerph-17-02838}
------------------------------------

Logistic regression model 1 ([Table 2](#ijerph-17-02838-t002){ref-type="table"}) indicated that subjective health, academic achievement, and perceived household economic status were significantly associated with a decreased likelihood of suicidal ideation in both genders. Social support was significantly associated with a lower likelihood of suicidal ideation for all students. Among girls, BMI was significantly associated with a greater likelihood of suicidal ideation. These associations persisted even after adjusting for school type and school year (model 2). Physical education at least twice a week was significantly associated with a lower likelihood of suicidal ideation, but only among boys. When examining covariates, school type was associated with suicidal ideation, also only in boys.

3.3. Predictors of Stress {#sec3dot3-ijerph-17-02838}
-------------------------

In logistic regression model 1 ([Table 3](#ijerph-17-02838-t003){ref-type="table"}), subjective health, academic achievement, perceived household economic status, and BMI were significantly associated with a decreased likelihood of stress in both genders. Similarly, social support and physical education for more than twice a week were significantly associated with a lower likelihood of stress for all students. These associations (except BMI) persisted even after adjusting for school type and school year. School type was associated with a greater likelihood of stress for male students, while school year and increased stress were linked for both genders.

4. Discussion {#sec4-ijerph-17-02838}
=============

We aimed to investigate intrapersonal, interpersonal, school, and community-level factors that predict suicidal ideation and stress using nationally representative data from South Korean adolescents. Physical education was associated with a decreased likelihood of suicidal ideation and stress, although this effect was dependent on gender and participation frequency.

Previous studies have identified effects of intrapersonal, interpersonal, and environmental factors on suicidal ideation \[[@B6-ijerph-17-02838],[@B7-ijerph-17-02838],[@B8-ijerph-17-02838],[@B9-ijerph-17-02838]\]. Here, we add to that existing body of knowledge by demonstrating that physical education (≥2 times/weekly) may reduce suicidal ideation in male high school students. Our findings partially corroborate earlier research showing that physical activity outside of school is linked to lower suicidal ideation \[[@B13-ijerph-17-02838]\]. However, our data contradicted a previous study showing that physical education was not associated with suicidal ideation among middle school students \[[@B26-ijerph-17-02838]\]. Interestingly, that same study showed that sports team engagement inside or outside school is linked to a decreased likelihood of suicidal ideation \[[@B26-ijerph-17-02838]\]. The apparent benefit of sports teams may be due to increased freedom (choice to attend), given that these sports are outside regular school curricula. Another possible reason for the difference between that study and ours is the participant pool; middle school students may experience less academic pressure than high school students. Finally, the previous study did not investigate gender differences, and so the lack of an effect among girls may have obscured an effect among boys. Following the national curriculum on physical education and providing suitable prevention programs therein could alleviate suicidal ideation and potentially reduce suicide attempts among male students \[[@B5-ijerph-17-02838]\].

The lack of association between physical education and suicidal ideation in female students may be partly attributable to lower interest among girls in physical education due to self-consciousness, low motivation \[[@B45-ijerph-17-02838]\], and competence \[[@B46-ijerph-17-02838],[@B47-ijerph-17-02838]\]. However, suicidal ideation rates are higher in female than in male adolescents \[[@B48-ijerph-17-02838]\], so further research is urgently warranted to determine how educators can encourage more participation in physical education among young women.

Our results suggest that physical education is potentially an effective method to alleviate stress among high school students, in line with previous qualitative research conducted in the United States \[[@B49-ijerph-17-02838]\]. Stress levels among South Korean high school students are very high because of increased academic pressure \[[@B50-ijerph-17-02838]\] and greater emphasis on education \[[@B39-ijerph-17-02838]\] compared with other cultures. Indeed, two thirds of adolescents suffer from stress in South Korea \[[@B4-ijerph-17-02838]\]. Therefore, when attempting to implement curriculum guidelines for physical education, schools should exercise caution to avoid performance stress in the event of that students do poorly in physical education classes \[[@B51-ijerph-17-02838]\]. Importantly, physical education should not be added on top of existing academic classes; instead, high schools could instead reallocate self-guided study time to physical education \[[@B28-ijerph-17-02838]\].

Developing the interpersonal skills of physical education teachers may be necessary to incorporate a variety of programs that could encourage participation from male students \[[@B52-ijerph-17-02838]\]. For example, programs could provide a wider range of physical activities that interest students and increase their sense of accomplishment. In addition to lowering stress, physical education can also increase peer inclusion \[[@B51-ijerph-17-02838]\].

Other barriers to physical education that should be addressed include insufficient quantity and quality of facilities \[[@B28-ijerph-17-02838]\] and the recent coronavirus disease-19 pandemic. Adolescents may be reluctant to participate because of outbreak-induced anxiety and perceived difficulties in social distancing during physical activity \[[@B53-ijerph-17-02838]\]. Thus, educational professionals are encouraged to expand infrastructure related to physical activity (e.g., gymnasiums), as well as to develop teaching programs that stimulate participation while attending to student mental health.

The cross-sectional nature of our study means we could not infer any causation for suicidal ideation and stress, a limitation that future longitudinal or experimental designs should address. Second, although physical education predicted suicidal ideation (in boys only) and stress (both genders), there is no data on whether the association extends to suicidal attempts \[[@B5-ijerph-17-02838]\]. Further studies could address this question via mediation or structural analyses. Finally, the results of the current study are not fully generalizable because we used self-reports to measure participation in physical education. To lessen measurement bias, accelerometers are recommended as an objective method to assess the duration and intensity of physical activity \[[@B54-ijerph-17-02838]\]. We do note the value of using a database such as KYRBS for a nationally representative assessment; moreover, the results of the current study can be easily compared with previous adolescent research that also employed KYRBS data \[[@B16-ijerph-17-02838]\].

5. Conclusions {#sec5-ijerph-17-02838}
==============

This study used nationally representative data on South Korean high school students to demonstrate that physical education predicts lower suicidal ideation and stress, even after accounting for well-known covariates. Currently, only a quarter of high schools successfully implement national curriculum guidelines for physical education \[[@B29-ijerph-17-02838]\], which is approximately 170 h/year \[[@B55-ijerph-17-02838]\]. We therefore conclude that there is a clear need to increase participation in physical education. In addition, we recommend more research on interventions to promote such participation in South Korean high school students to improve their overall psychological health.
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###### 

Characteristics of students (N = 28,451).

  ------------------------------------------------------------------------------
  Characteristic                               Male\            Female\
                                               (N = 14,263)     (N = 14,188)
  -------------------------------------------- ---------------- ----------------
  Age (years)                                  16.41 (0.95)     16.42 (0.95)

  Subjective health                            3.96 (0.86)      3.66 (0.86)

  Existence of social support, N (%)                            

   Yes                                         10,539 (73.89)   12,562 (88.54)

   No                                          3724 (26.11)     1626 (11.46)

  Body mass index, mean (SD)                   22.15 (3.60)     21.24 (2.83)

  Academic achievement, N (%)                                   

   Low                                         1927 (13.51)     1440 (10.15)

   Mid                                         7692 (53.93)     7840 (55.26)

   High                                        4644 (32.56)     4908 (34.59)

  Residential area, N (%)                                       

   Rural                                       1061 (7.44)      975 (6.87)

   Urban                                       13,202 (92.56)   13,213 (93.13)

  School type, N (%)                                            

   General high school                         11,278 (79.07)   11,829 (83.37)

   Vocational high school                      2985 (20.93)     2359 (16.63)

  Perceived household economic status, N (%)                    

   Low                                         568 (3.98)       478 (3.37)

   Mid                                         12,833 (89.97)   13,165 (92.79)

   High                                        862 (6.04)       545 (3.84)

  Suicidal ideation, N (%)                                      

   Yes                                         1315 (9.22)      2068 (14.58)

   No                                          12,948 (90.78)   12,120 (85.42)

  Stress, N (%)                                                 

   Yes                                         4572 (32.05)     7009 (49.40)

   No                                          9691 (67.95)     7179 (50.60)
  ------------------------------------------------------------------------------

ijerph-17-02838-t002_Table 2

###### 

Predictors of suicidal ideation (N = 28,451).

  Predictors                         Male          Female                                                                                                            
  ---------------------------------- ------------- -------------- --------- ------- -------------- --------- ------- -------------- --------- ------- -------------- ---------
  Constant                           1.836         \-             0.045     2.029   \-             0.046     2.151   \-             0.011     2.749   \-             0.003
  Subjective health                  0.630         0.591--0.672   \<0.001   0.630   0.591--0.672   \<0.001   0.610   0.577--0.645   \<0.001   0.608   0.575--0.643   \<0.001
  Social support                     0.663         0.587--0.749   \<0.001   0.665   0.589--0.752   \<0.001   0.440   0.389--0.498   \<0.001   0.441   0.389--0.499   \<0.001
  BMI                                1.002         0.987--1.017   0.815     1.003   0.987--1.018   0.728     1.030   1.013--1.047   \<0.001   1.031   1.014--1.048   \<0.001
  Academic achievement               0.813         0.745--0.887   \<0.001   0.815   0.747--0.889   \<0.001   0.780   0.723--0.842   \<0.001   0.782   0.725--0.844   \<0.001
  Perceived economic status          0.802         0.669--0.962   0.018     0.783   0.652--0.941   0.009     0.850   0.713--1.014   0.071     0.842   0.706--1.005   0.057
  Residential area                   1.128         0.898--1.418   0.301     1.075   0.854--1.355   0.538     1.078   0.887--1.310   0.450     1.078   0.887--1.310   0.452
  Physical education participation                                                                                                                                   
   0 day                             (reference)                                                                                                                     
   1 day                             0.874         0.727--1.052   0.154     0.882   0.733--1.061   0.184     1.077   0.942--1.232   0.278     1.087   0.950--1.244   0.227
   ≥2 days                           0.865         0.737--1.016   0.077     0.850   0.723-0.999    0.048     1.096   0.967--1.242   0.153     1.079   0.951--1.224   0.241
  Covariates                                                                                                                                                         
  School type                        \-            \-             \-        1.234   1.062--1.434   0.006     \-      \-             \-        1.045   0.918--1.190   0.504
  School year                        \-            \-             \-        0.961   0.894--1.034   0.288     \-      \-             \-        0.948   0.892--1.007   0.081

BMI = body mass index, ORs = odds ratio, CI = confidence interval.
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###### 

Predictors of stress (N = 28,451).

  Predictors                         Male          Female                                                                                                              
  ---------------------------------- ------------- -------------- --------- ------- -------------- --------- -------- -------------- --------- -------- -------------- ---------
  Constant                           7.525         \-             \<0.001   4.456   \-             \<0.001   18.801   \-             \<0.001   11.852   \-             \<0.001
  Subjective health                  0.630         0.604--0.657   \<0.001   0.629   0.603--0.657   \<0.001   0.568    0.545--0.593   \<0.001   0.570    0.546--0.594   \<0.001
  Social support                     0.716         0.661--0.776   \<0.001   0.715   0.660--0.775   \<0.001   0.514    0.459--0.576   \<0.001   0.513    0.458--0.574   \<0.001
  BMI                                1.010         1.000--1.020   0.042     1.009   0.999--1.019   0.082     1.022    1.010--1.035   \<0.001   1.021    1.009--1.034   \<0.001
  Academic achievement               0.832         0.787--0.879   \<0.001   0.832   0.787--0.879   \<0.001   0.846    0.800--0.894   \<0.001   0.842    0.797--0.890   \<0.001
  Perceived economic status          0.829         0.737--0.932   0.002     0.815   0.724--0.917   \<0.001   0.862    0.756--0.982   0.026     0.868    0.761--0.989   0.034
  Residential area                   0.933         0.814--1.070   0.321     0.889   0.774--1.021   0.096     0.979    0.855--1.121   0.757     0.968    0.845--1.109   0.639
  Physical education participation                                                                                                                                     
   0 day                             (reference)                                                                                                                       
   1 day                             0.913         0.809--1.031   0.142     0.906   0.802--1.024   0.113     0.963    0.874--1.060   0.438     0.947    0.859--1.043   0.268
   ≥2 days                           0.871         0.784--0.969   0.011     0.879   0.789--0.978   0.018     0.878    0.802--0.960   0.004     0.895    0.818--0.980   0.016
  Covariates                                                                                                                                                           
  School type                        \-            \-             \-        1.278   1.165--1.402   \<0.001   \-       \-             \-        1.044    0.951--1.145   0.365
  School year                        \-            \-             \-        1.092   1.043--1.143   \<0.001   \-       \-             \-        1.092    1.046--1.141   \<0.001

BMI = body mass index, ORs = odds ratio, CI = confidence interval.
